(19) 



J 




(12) 



(43) Date of publication: 

10.04.1996 Bulletin 1996/15 

(21) Application number: 95115804.7 

(22) Date of filing: 06.10.1995 



Europttsche^Vntamt 

European Patent Office 
Office europten des brevets (11) EP 0 705 704 A2 

EUROPEAN PATENT APPLICATION 

(51) Int. a 6: B41J 2/175. C09D 11/00 




(84) Designated Contracting States: 


• Suzuki, EllchI 


DE FR GB IT 


Ohta-ku, Tbkyo(JP) 


(30) Priority: 07.10.1994 JP 244006/94 


• Katayama, Masato 


Ohta-ku, Tokyo (JP) 


02.08.1995 JP 197542/95 


• HIrose, MIfune 


21.09.1995 JP 243033/95 


Ohta-ku, Tokyo (JP) 


(71 ) Applicant CANON KABUSHIKI KAISHA 


(74) Representative: Pellmann, Hans-Bernd, DIpl.-lng. 


Tokyo (JP) 


etal 


(72) Inventors: 


PatentanwattsbQro 


TIedtke-BQhIlng-Klnne & Partner 


• SakakI, Mamoru 


Bavarlarlng4 


Ohta-ku, Tokyo (JP) 


0-80336 MOnchen PE) 



(54) Image-forming method 

(57) An inrage-forming method using color ink hav- 
ing a surface tensten of 25 to 40 dyne/cm. The color ink 
is applied to a glossy recording medium having a porous 



structure including a pigment, a binder and a cationic 
material. 



FIG. 1 



CM 
< 




/ / / 
16 17-1 18 19 



o 
o 

Q. 

LU 



Primed by Rank XaroK (UK) Buslnass Sarvteas 



Descriptlan 



EP0 705 704 A2 



BACKGROUND OF THE INVENrTION 

s Reld of the Invention ' i- ^• 

This invention relates to an image-forming method which makes it possible to provide an image having high density 
and high resolution and, more particularly, to an image-forming method suitable for providing a recorded image having 
improved surface gloss. The present Invention also relates to an image-forming method suitable for providing a recorded 
10 image having improved waterfastness. 

DescrlDtion of the Related Art 

Conventionany, recording paper such as that described in Japanese Patent Publication No. 26665/1991 and glossy 
15 paper such as that descrtoaJin Japanese Patettt^iWication No. 36237/1993 have been used as recording mediums 
for forming inrages bytftf^A reocwtfihjfWelh^ The recording paper descrfoed in Japanese Patent PiA)lication No. 
26665^1991 has a base paper and a coating layer fonned on the base paper, the coaling layer containing a fine silica 
powder and a water-soluble binder such as polyvinyl alcohol. The glossy paper described in Japanese Patent Publication 
No. 36237/1 993 has a non-transparent base such as synthetic paper and a film conrprising mainly a water-soli&le resin 
20 and formed on the non-transparent base. Japanese Patent Laid-Open Publication Na 265680/1988 discloses cast- 
coated paper in which a coating layer comprising mainly silica and a binder is formed by a cast coating method. 

Recently, with Improvements In the performance of ink-Jet recording apparatus, e.g.. increase in speed, increase in 
the number of recording colors and so on, there has been a need for an ink-jet recording medium having various improved 
properties, e.g., 

, ' ' '■ 

(1) high ink a Ut>t?r1 ?iTi g abi lit y arTflThigh ink drying speed, 

(2) capability of maintairing a high optical density of the dots and freedom from blurring around the dots. 

(3) capability of forming a dot shape dose to a true circle with a smooth peripheral line. 

(4) capability of maintaining improved uniformity of the solid printed portton, or freedom from density unevenness 
30 in the solid portion, 

(5) capability of forming a sharp boundary even when inks of different colors are printed adjacent each other, 

(6) capability of maintaining good waterfastness and light fastness of Images such that the images are stately main- 
tained without changffig in quality during long-term preservation. 

35 There is also a need tor beingabte to form, by an ink-jet recording method, an image having a high degree of g^oss 
on the surface of a recording medium, and recording on a recording sheet (glossy paper) having surface gloss is also 
required. 

The coated paper described In Japanese Patent Publication No. 26665^1991 has a mat surface tone and has no 
gloss. On the other hand, a high-gloss arxi high-density image can be formed on the glossy paper described in Japanese 
40 Patent PuljHcation Na 36237/1993. However, since the surface of this paper is fonned l>y a hydrophilk: resin coating, 
the time it takes to dry and fix ink attached to its surface is long, and a printed portion remains sticky tong enough to 
hinder continuous recording. Also, the ink-absorbing speed is so low that non-uniformity of density can occur easily In 
a solid printed portion. There is also the problem of a formed image being kwv in wat^stness because the ink-receiving 
layer is water-soluble. 

45 The cast coated paper for Ink-jet recording described in Japanese Patent Laid-Open Publication No. 265680/1988 
has good characteristrcs with respect to drying and fixation of ink, but entails problems in terms of waterfastness of 
images, blurring at the boundary between different colors (hereinafter referred to as *t»undary blur^ and uniformity of 
the solid portioa 

Atlenpts have been made to improve recording sheets to deal with the problems of low solkJ uniformity and boundary 
so blur, which are serious in an image-forming process using a recording sheet having surface gloss, k»it satisfactory record- 
ing sheets have not been obtained. /VIso, essentially no attempts have been made to solve these problems with respect 
to both improving the ink and irrqaroving the recording sheets. 

SUMMARY OF THE INVENTION 

55 

In view of these problems, an object of the present invention is to provide an image-forming m^od simultaneously 
satisfying the above-mentioned required characteristics. 

Another object of the present invention is to provkie an image-forming method for forming a recording image having 
high density, high resolution and high gfoss. 
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Still another object of the present Inverrtion i& to provide an image-fbrnning nnethod suitable for forming a high-quality 
pictorial innage free from the pmbleme of bourxiary blur and non-irtifonmit/ of the solid portions. 

To achieve these objects, the present invention provides an innage-forming method in which a droplet of each of 
color inks of cyan, magenta and yellow is attached to a recording medium by being ^'ected through an orifice of a 
5 recording head in accordance with a recording signal to form an image. The method comprises using a recording medium 
having a t^ase and a coating layer provided on the bas and which has a porous structure including a pigment, a binder 
and a cationic material and having surface gloss, and preparing the color inks so that each ink has a surface tension 
within the range of 25 to 40 dyne/cm. 

These and other objects, features and advantages of the present invention will become apparent from the following 
10 detailed description of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a longitucfinal sectional view of a head of an ink-jet recording apparatus of the present invention; 
15 Fig. 2 is a transverse sectional view of the head of the ink-jet recorcfing apparatus taken along section 2-2* of Fig. 1 ; 
Fig. 3 is a perspective view of the external appearance of a head having a multi-head structure; and 
Fig. 4 is a perspective view of an example of the ink-jet recording apparatus. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 

The inventors of the present invention made studies of in^ge forming methods for forming an image with surface 
gloss as high as that of silver salt photographs, by using an ink-jet recording method. They found that the conditions 
described below are important in forming an image satisfying the above-mentioned requirements. 

25 (i) An ink-receiving layer of a recording medium should have a porous structure formed rhainly by a pigment and a 
binder and should have a particular degree of surface glossiness. 

(ii) The ink-receiving layer should contain a cationic material as a f ixing agent for f ixing a dyestuff. 

(iii) Properties of the recording medium surface and ink should be adjusted so as to have suitatsle wettability. 

30 Condition (i) is indispensable for achieving a high image density, high gloss and high-speed ink fixation. Such a 
recording medium has ink absorption higher than that of glossy paper of the type disclosed in Japanese Patent Publi- 
cation No. 36237/1993. and therefore has the effect of improving innage qualities with respect to uniformity of solid 
portions, boundary blur and the lika However, the effect of improving image quality is not sufficiently high if the recording 
density is increased. Condition (ii) is indispensable for improving the waterfastnessof^the in}age>4f^tx^ conditions 0) 

35 and (ii) are satisfied, the recording medium is liable to have decreased ink absorption and deteriorated image quality, 
(^ndition (iii) is indispensal>le for solving these other prot}lenrt8 relating to image quality. 

It is believed that the problems of uniformity of solid portions and boundary blur are not only due to deficient ink 
absorption of the recording medium, but also to wettability between ink attached to the recording sheet and the recordirig 
sheet surface. That is, on a portion of a recording sheet where soiU printing recording or similar recording is peribrmed, 

40 if the wettability of the ink with the recording sheet surface is insufficierrt. unfixed ink droplefts which are intended to form 
adjacent pixete on the sheet surface group into units of several or several tens of droplets joining each other irregularly 
while being isolated from other droplets. Such a gathering of ink droplets can be seen macroscopically as unevenness 
of density. This phenomenon is due to, among other causes, small variations in the positions at which the ink droplets 
reach the recorcfing sheet surface. Conversely, if the wettability is high, almost all the unfixed ink droplets join each other 

4S uniformly, so that the recording portion is free from unevenness of density and appears to be uniform. However, if the 
wettability is excessively high, such janing occurs at the boundary between image portions recorded with inte of different 
colors so that the colors are mixed. That is, the problem of boundary blur arises, making the txxindary indefinite. Thus, 
these problems are difficult to solve if only the recording medium is improved. 

Surface-glossy recording mediums referred to in this specificatk>n tiave a 75** qsecular gloss of 45 % or higher at 

so least on one side. The value of 75° specular gloss Is measured in accordance with JIS-Z-8741 . 

If an image having a surface gloss equivalent to that of silver salt photo^-aphs is to be formed, it is desirable that 
the 75*" specular gloss be 65 % or higher, and it is necessary that the 20° specular gloss be 20 % or higher. The 20** 

specular gloss is. more preferably. 30 % or higher. . . , , ; ^ ; ^ - 

The present invention will be described in more detail with respect to embodiments thereof. 

55 A recording medium used in accordance with the present invention is fomned of a base and a coating layer provided 
on the base. The coating layer has pigment and birx^er as its n^n constituents. 

Examples of the pigment are inorganic pigments, such as silica, aluminum silicate, magnesium silicate, basic mag- 
nesium carbonate, talc. clay, hydrotalcite. calcium cartxsnate. titanium oxide and zinc oxide, and plastic pigments, such 
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as polyefthylene, polystyrene and polyacrylate. to torm a high-density high-resolution Image. *rt is preferable to use at 
least one of silica arxi basic magnesium carbonate; 

Examples of th iihiflBf arawatS*ea^^ resins, such as polyvinyl alcohol, starch, cationic starch, casein, gelatin, 
acrylic resin, sodium alginate, poiyvinyipyrrolidqne, carboxymethyl cellulose and hydroxyethyl cellulose, acrylic polymer 
latexes, such as polymers or copolymers of aCTylic ester and methacrylic ester, conjugated diene copolymer latexes, 
such as those that are caiboxyl-fnodif led, and vinyl copolymer latexes, such as ethylene-vinyi acetate copolymers. Only 
one of or a combination of two or more of these binders may be used. Of these binders, it is preferable to use polyvinyl 
alcohol, cartxjxymethyl cenulose, an acrylic polymer latex, a conjugated diene copolymer latex, or an ethylene-vinyi 
acetate copolymer, because the desired image density ink absorption and gloss can be simultaneously achieved if such 
binder is used. 

The coating layer may further contain, as needed, a melamine resin, a crosslinking agent, such as glyoxal or iso- 
cyanate. a surfactant, an^ntifpamer, an antioxidant, a flu absorber, a dispersant. a 

viscosity inodifler. ki^JslB^.-rrf^^de^ agent, a plasticizer, and other materiala 

The ratio of pigment to binder is 10/1 to 1/2 and, nwre preferably, 5/1 to 1/1 . by weight. 

If the amount of pigment is larger than the upper limit determined by this ratio, the strength of the coating layer is 
disadvantageously small. Conversely. If the amount of the binder Is exces^vely large, the ink absorption is liable to be 
reduced, so that beading or boundary blur can occur easily. 

Further, according to the present inventk>n, the coating layer may also contain a cationic n^aterial, which may com- 
prise a cationic resin, as a dyestuff fixer. Examples of the cationic material are polyallylamine and salts thereof (e.g., 
hydrochloride), polyaminesuHone and salts thereof (e.g.. hydrochloride), polyvinylamine and saHs thereof (e.g., hydro- 
chloride), and chrtosan and salts thereof (e.g.; acetate). IVIonomers having a cationic group, e.g., monomers having 
primary to tertiary amine.or ciuateTO as a side chain, such as dimethylaminoethylacrylate, cfimethylami- 

noethylmethacrylate.* Aemyramihbethylacryfale. diethylaminoethylmethacrylate, methylethylaminoelhylacrylate, melhyl- 
ethylaminoethylmethacrylate, dinrielhylaminostyrene, diethylaminostyrene, methylethylaminostyrene, and quaternary 
compounds of the same, may also be used. Each of such monomers may be used singly, and copolymers of such 
monomers and other monomers can also be used. Also, a portion of the above-mentioned binder resins may be changed 
into a cation, r^ore specif teally, a copolymer of vinylpyrrolidone and quaternary salt of aminoalkylalkylate and acrylamide 
and quaternary salt of amlnomethylacrylamkle can be used. These conpounds, however, are not exclusively used. It 
is most preferable that the above-mentioned polymer materials and catiortic polymer materials be water-soluble. How- 
ever, a dispersion such as a latex or emulsion may suffice. Of these cationic nwterials, it is preferable to use polyal- 
lylamine, polyvinylamine. chlt osari o r salts of these amines, for improved waterfastness of the images. 

The content of th&oatfgn^e;^^ coating layer is 0. 1 to 30 wt% and, nrore preferatjiy, 2 to 20 wt%. 

The base may be fonmed of a material mainly composed of paper, such as chemical pulp represented by LBKP or 
NBKP, a sizing agent, a loading material, containing any other paper additives as needed, and made by an ordinary 
method. As pulp for forming the base, mechanical pulp and waste paper regenerated pulp may be additionally used. 
Also, the base may be mainly fomied of these kinds of pulp. Exanples of the sizing agent are rosin size, alkyi ketene 
dimer. alkenyl succinic add anhydride, a petroleum resin size, epichlorhydrin, and aaylamide. Examples off the loading 
material are calcium carbonate, kaolin, talc, and titanium dioxide. A film or a plate may also be used which is formed of 
a transparent or non-transparent plastic such as polyethylene terephthalate. diacetate, triacetate, cellophane, celluloid, 
polycarbonate, pdyimkle, polyvinyl chloride, polyvinylidene chloride, polyacrylate. polyethylene, or polypropylene. 

The recording medium used in accordance with the present invention is made as described below. First, compounds 
for forming the coating t&y& and, ff desired, other additives, are dissolved or dispersed in water, alcohol or any other 
surtable organic solvent thus preparing a coating liquid. One coating layer or two or more coating layers are formed on 
the base by using tine above-mentioned materials. 

The coating ik^uid obtained is applied to the surface of the base, for exanple. by a roll coating method, a blade 
coating method, an air knife coating method, a gate roll coating method, a bar coating method, a size pressing mettiod. 
a spray coating method, a g*avure coating method, a curtain coating method or the lika Iff a plurality off coating layers 
are provided, the first layer is formed by one of the above-mentioned methods and is dried by an ordinary method, and 
the above-descrbed coating Ik^uid Is applied to the first layer. 

According to tiie present Inventton. it is preferable to perform gloss finishing by using the above-mentioned coating 
layer constituent materials. to form the desired coating layer after the coating ik^uid has been applied to the surface of 
the base in the above-descrftsed manner. 

In order to provide a glossy finish, a cast coating method or a method of applying and drying tiie coating liquid by 
the above-described method and then using a super calender or a gloss calender, may be used. A cast coating method 
IS most suitable for fomiing a recording medium having excellent gloss and excellent Inkjet recording characteristics, 
e.g., high ink absorbance. 

The coating weight is preferably within the range of 3 to 40 g/cm^ in dry weight A cast coating method, a wet cast 
coating method, a rewet cast coating method or a g^ cast method, for example, may be used. In the wet cast coating 
method, a glossy finish is made by pressing a wet coated layer to a heated dmm having a minor-finished surface. In the 
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rewel cast coating method, a glossy finish is nrtade by temporarily drying a wet coating layer, thereafter rewetting and 
plasticizing the coating layer, and pressing the coating layer to a heated drum having a mirror-finished surface. In th 
gel cast method, a wet coated surface is made to gel and is pressed to a heated drum having a mirror-linished surface. 

If a cast coating method is used, rt is preferal)! . in terms of ink absorption, to form a porous structure by forming a 
low r layer of the above-mentioned pigment, binder and cationic material and by forrrBng an upper layer, having gloss, 
and comprising a latex selected from acrylic polymer latexes, conjugated diene copolymer latexes, or ethyl ene-vinyl 
acetate copolymer latexes. 

The image-forming method of the present invention is also characterized by using color inks (yellaw. magenta, cyan) 
having surface ter^sioris within the range of 25 to 40 dyne/cm and, more preferably, within the range of 30 to 40 dyne/cm 
to perform recording on the above-descrtoed recording medium. H color inks having a surface tension greater than 40 
dyne/cm are used, the occurrence of beading is considerat>ly increased e^en if the recording medium of the present 
invention is used. If the surface tension is less than 25 dyne/cm. an image free from beading can be obtained but 
boundary blur occurs in the image. 

This restriction does not apply to black ink. Black ink having a surface tension in the range of 25 to 55 dyne/cm may 
be prepared so as to be satisfactory. 

All surface tension values, referred to in this specification, are measured at 25 ""C. 

Ink used in accordance with the present invention is prepared by providing, as essential constituents, a coloring 
matter for forming an image and a liquid medium for dissolving or dispersing the coloring matter, and by adding various 
addrtives such as a dispersant, a surfactant, a viscosity nrwxlifier, a resistivity mod'rfier, a pH adjuster, a n^ldewproofmg 
agent, an agent or stabilizing dissolution (or dispersion) of the cotoring matter, as desired. 

Examples of coloring matters for use in ink are direct dyes, add dyes, basic dyes, reactive dyes, food dyes, disperse 
dyes, oil dyes, and various pigments. It is preferable to use direct dyes and acid dyes anfK>ng such dyes if color devel- 
opment and light resistance of images are considerations. The content of such coloring matters is determined according 
to the kinds of liquid medium conponents and the required characteristics of the ink. Coloring matters are used at about 
0.1 to 20 wt% and, more preferably, 1 to 10 wt% in ink. 

The liquid medium of the ink used in accordance with the present inventkxi nriay tw^vioitf .ora-mbctare of water and 
a water-soluble organic solvent A mixture of water and a water-soluble organic solvent is particularly prefen-ed. The 
liquid medium may contain, as a water-soluble organic solvent, a water-misclble glycol or glycol ether which prevents 
the ink from drying. 

Exarrples of water-soluble organic solvents usable in accordance with the present invention are alkyi alcohols, such 
as methanol, ethanol, isopropyl alcohol and n-butanol; amides, such as dimethylfbrnfian*je and dimrthylacetamide; 
ketones and ketone alcohols, such as acetone and acetone alcohol; alkylene glycols, such as ethylene glycol, propylene 
glycol, triethylene glycol, thioglycol. diethylene glycol. 1, 2, 6-hexanetriol and ethylene glycol; glycerins; alkyI ethers of 
polyhydric alcohols, such as (di)ethylene glycol monomethyl(or ethyO ether, and trirthylene glycol mono-{or di-)methyl(or 
ethyl) ether; sulfblane, N-nnethyl-2-pyrrolidone, and 1. 3-dimethyI-2-imida2olidinone. One or rnore joLth^ig compounds 
may be used. i-^.J..,"- 

To prepare an ink in accordance with the present invention, the at>ove<lescribed compounds are used and a sur- 
factant or the like is added to adjust the above-mentioned predetermined surface tension as desired. 

The surfactant may be noionic, anionic or cationic. Examples of nonionic surfactants are polyoxy^hylene alkyI 
ethers, such as polyoxyetiiylene lauryl ether and polyoxyethylene cetyl ether; pdyoxyethylene alkyI phenyl ethers, such 
as polyoxyethylene nonyl phenyl ether and polyoxyethylene odyl phenyl ether; sorbrtan fatty acid esters, such as sorioitan 
monooleate and sorbitan trlstearate; glycerin fatty acki esters, such as glyceryl monostearate and glyceryl monooleate; 
polyoxyethylene alkylamines. polyoxyethylene alkylamkJes, polyoxyethylene fatty acki esters, polyglycerin fatty acid 
esters, propylene glycol fatty acid esters, pentaerythritol fatty add esters, acetylene glycol, acetylene alcohol and fluorine 
containing surfactants. Examples of anionic surfactants are alkylsuHate, pdyaxyethyler\e,alkyl ether sulfate, polyoxyeth- 
ylene alkyI ether phosphate, alkylbenzenesulfonate and alkyI sulfosuccinata Examples of catioric surfactants are qua- 
ternary ammonium salts, such as benzalkonium chloride and cetyltrimethyl ammonium chloride. The surfactant used in 
accordance with the present invention is not linr^ted to these surfactants. Among these surfactants, acetylene glycol and 
acetylene alcofiol are particulariy preferred. 

An example of an ink containing acetylene glycol and acetylene alcohol as described atKSve is the ink descrtoed In 
Japanese Patent Laid-Open Publication No. 139964/1988. However, the preferable range of the surface tension of the 
ink described in this publication is 35 to 65 dyne/cm, which only partially overlaps with the preferable surface tension 
range of the present invention. According to the pres&rt invention, as described above, recording is performed on a 
spedally-formed recording medium by using ink having a surface tension in a particular range, thereby making it possible 
to form a high-quality high-gloss image having an Improved solid uniformity, not pp«^ble. in thft. conventional art and 
free from the occurrence of boundary blurs. n ' ' " 

As an inki'et recording system in accordarice with the present invention, any recording system may be used as long 
as it can cause ink to fly effectively out of a nozzle to apply the ink to a recording medium as a target However, a system 
such as that described in Japanese Patent taid-Open No. 59936/1979 can be used particulariy effectively, in whk:h, 
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when Ink receives thernial energy, the volume of ink is abruptly changed and ink is ejected through a nozzle by an 
operating force caused by this change in state. 

An example of an ink-jet recorcfing apparatus suitable for the ink-jet recording method of the present invention will 
now b described. Figs. 1 , 2, and 3 show an exanrple of the construction of a head which is an essential portion of this 
5 apparatus. 

The recording head 13 te obtained by bondlnia plat6-like member made of glass, ceramic or a piastic and having 
a channel 14 for forrakigjwrtnKW^^ head 15 used for thermal recording. (The invention is not limited to the 

illustrated head.) The heating head 15 has a protective film 16 formed of sHicon oxide, aluminum electrodes 17-1 and 
1 7-2. a heating resistor layer 1 8 formed of nichrome or the like, a heat accumulation layer 1 9. and a substrate 20 formed 

10 of alumina or the Gke and having a suitable heat radiating effect 

RecoiTling ink 21 f ais the channel to an ejection orifice (very small hole) 22 and forms a meniscus 23 due to pressure. 
When an electric signal is applied between the electrodes 17-1 and 17-2, heat is abaptly developed in a region of 
the heating head 15 indteated at a a bubble is thereby formed in recording ink 21 which Is in contact with this region, 
and meniscus 23 off the ink is projected by the pressure of the bubble. Ink21 is thereby ejected in the form of a recording 

IS ink droplet 24 from the orifice 22 and flies toward a recording sheet 25. Rg. 3 schematically shows the external appear- 
ance of a mum-head biwjiich^^ riozSlei^ each corresponding to the head shown in Rg. 1 , are arranged. 
This multi-head is nri«d»lSSgMy«nrrtfcrBng a glass plate 27 having a multiplicity of grooves 26 and a heating head 28 
similar to that described above with reference fo Rg. 1 . 

Rg. 1 is a cross-sectional view of the head taken along an ink passage, and Rg. 2 is a cross-sectional view taken 

20 along the line 2 - 2' of Rg. 1 . 

Fig. 4 shows an example of an ink-jet recording apparatus in which the thus-constructed head is incorporated. As 
shown in Rg. 4, a blade 61 is provided as a wiping member. The blade 61 has a fixed end retained by a blade retaining 
member and has the form of a cantilever. The Wade' 61 is positioned adjacent a recording area where recording is 
perfonmed by a recording head 65. In this example, the blade 61 is retained so as to project into the path of movement 

25 Of tile recording head. A cap 62 is disposed in a home position ac(acent ttie blade 61 . The cap 62 Is moved in a direction 
perpendicular to t he^ectiocLCi wvement of the i-ecdrding head and can abut an outiet surface of the recording head 
to c^ it An ink absoTCShy iiwiiCW^'is disposed adjacent the blade 61 and is retained so as to project into the recording 
head's path of movement as does the blade 61 .-The blade 61 . tiie cap 62 and the dbsoibing member 63 form an section 
recovery unrt 64. Vteter, dust and the like are removed from the ink outlet surface by the blade 61 and the absorbing 

30 member 63. 

The recording head 65 has ejection energy generation means and performs recording by ejecting ink to a recording 
medium facing the outiet surface in which outlet openings are arranged. The recording head 65 is mounted on a carriage 
66 and is moved witti the canlage 66. The canriage 66 is swringaWy engaged with a guide shaft 67 and has a portion 
connected to a belt 69 driven by a motor 68 (not shown). The carriage 66 can be moved thereby along the guide shaft 
35 67 over the recording head 65 recording area and adjacent areas. 

A sheet feeder unt LS14BiyTnrk^ recording medium sheets into the apparatus. A roller 52 is a sheet feed 

roller which is drivenby a nrxrtor (not shown). By these sheet supply means, a recording medium sheet is fed so as to 
face the outiet surface of the recording head. As recording proceeds, the recording medium is discharged via discharge 
rollers 53. 

40 In the thus-constructed apparatus, when ttie recording head 65 is retumed to its home position, for example, after 
the conpletion of reconSng. the cap 62 of the head recovery unit 64 recedes out of ttie recoixJIng head 65 patii of 
movement, but the blade 61 projects into the traveling path. Consequentiy, the outiet surface of tfie recoreling head 65 
Is wiped with ttie blade 61. When capping is performed by bringing ttie cap 62 into contact witti ttie outlet surface of ttie 
recording head 65, the cap 62 is moved so as to pr<^ect into the recording head patti of movement 

45 When ttie recording head 65j8 moved from ttne home position to ttie recording start position, tfie cap 62 and tiie 
blade 61 are in the sanmxfi&^onsM at ttie time of wiping described above. During ttiis movement ttierefore. the outiet 
surface of the recording head 65 is also wiped. 

The recording head is also moved to ttie home position adjacent ttie recording area witti a predetermined spacing 
when ttie recording head is moved over the recording area to perform recording, as well as at ttie time of completion of 

so recording or ejection recovery. Wiping is also performed during this movement 

As mentfoned above, ttie present invention aims mainly to solve ttie problem of density unevenness of a solid portion 
of ttie recorded image and ttie problem of boundary Wur in forming a recorded image which has improved surface gloss 
by using an Inkjet recorcfing system. These problems have arisen witti ttie increases in recording speed and density 
and with tfie development of multi-color an'angements. Therefore, ttiese problems are not so serious when ttie recording 

55 speed and ttie r eror^n g der^rty are low. Jhe recording method of ttie present invention is used advantageously under 
the conditions descrftrtidlieiow. Recording is performed by ejecting small droplets of inks of different colors ttirough 
orifices at a drive frequency of at least 3 kHz and. preferably. 5 to 20 kHz. At least two orifices are provided to eject each 
color ink so ttiat two or more ink droplets of each cotor can be ejected substantially simultaneously. The maximum 
recording density of each single color ink is at least 6 nl/mmz, and may preferably be as high as the range of 7 to 20 nl/mmz . 
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The maximum recording den&ity referred to herein Is a value obtained by multiplying the maximum rxjmber of dots 
of a single color ink attached in a unit area by the voium of ink droplets ejected. 

[Examples] 

The present invention wilt be described in further detail with respect to examples of the recording medium. In the 
following, "parts' or represents parts or % by weight unless otherwise rxrted. 

(Preparation of recording mediums 1 to 3) 

90 parts of LBKP and 10 parts of NBKP. provided as raw-material pulp, were mixed and beaten. Thereafter, 10 parts 
of kaolin (a product from Tsuchiya Kaolin), 0.1 part of alkenyl succinic acid anhydride and 0.2 part of cationic starch 
were blended. A t>a&e paper was made from the mixture by a method krrawn in the art so as to have a tm&s weight of 
72 g/mz and a StMdgt sizing degree of 10 sec. Each of the coating liquids (1) for forming a coating layer, having com- 
positions shown below, was applied to the base paper with a wire k>ar so as to make a dry coat weight of 1 0 g^m2, followed 
by drying at 100 ''C for 5 minutes. An undercoating layer was thereby formed. Thereafter, each of the coating liquids (2) 
for forming a cast layer, having the compositions shown below, was applied by using a wire bar at a dry coat weight of 
5 g/mjz. When the coating was still wet, the paper was pressed to a stainless roll heated at 120 thus preparing a 
recording medium used in accordance with the present invention. 

(Coating liquid (1) compositions) 

(Medium 1) 



silica (Sylysia 440, a product from Fuji Sylysia) 

polyvinyl alcohol (PVA-1 17, a product from Kuraray) 

polyallylamine hydrochloride (PAAHC1-3L. a product from Nittho Boseki} 

water 



100 parts 
15 parts 
10 parts 

875 parts 



(Medium 2) 



basic nrwignesiuncarixHiate (a product from Tokuyama Soda) 100 parts 

polyvinyl alcohol (PVA-1 17, a product from Kuraray) 15 parts 

copolymerof monoallylaminearttldimethylalIytamine(PAA-D 11 -HCl. a product from N lOparts 

water 975 parts 
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(Medium 3) 



Silica (Mizukastl P-78D, a product from Mizusawa Kagaku) 
polyvinyl alcohol (PVA-i l7. ii product from Kuraray) 
^ 'g 5 yal l y l ar Tffi'erff>AA-1 OC. a product from NIttho Bosek) 
water 



100 parts 
15 parts 
10 parts 

975 parts 



(Coating liquid (2) compositions) 
(Medium 1) 



low^ensity polyethylene (Chemipearl M-200, a product from Mitsui Sekiyu Kagaku) 


50 parts 


ionomer resin (Chemipearl SA-100. a product from Mitsui Seldyu Kagaioj) 


7 parts 


alumina sol (520, a product from Nissan Kagaku) 


50 parts (as a solid content) 


calcium stearate 


3 parts 


water 


490 parts 



(Medium 2) 



ethylene^nyt^^Se&te-oopotynrftr (Rowvac Q16079N, a product from 


50 parts 


Seitetsu Kagaku) 


alumina sol (520, a product from Nissan Kagaku) 


50 parts (as a solid content) 


cartxsxymethylcellulose (Metolose 60SH. a product from Shin-Etsu Kagaku) 


20 parts 


calcium stearate 


5 parts 


water 


475 parts 
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(Medium 3) 
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polyamide resin (Tointhernnotack SK-1. product from Tokyo Inl^ 


50 parts 


Styrene-butadiene rubber (JSR6619. a product from Nihon Gk>sei Gomu) 


15 parts 


alumina &ol (520, a product from Nissan Kagaku) 


SO^rts (as C^ondTcontent) 


lead stearate 


3 parts 


water 


482 parts 



(Preparation of mediums 4« 5) 

Each of the coating liquids having the compositions shown below was applied to the base paper with an appficator 
2o 80 tiiat tiie coating weight was 10 g/mi2 in dry solid content. The coating layer was then treated with a calcium formate 
1 0 % aqueous solution and was pressed to a stainless steel roll heated to 1 00 ^'C when it was in a wet state. The coating 
layer was dried to obtain a recording medium 4 or 5 having specular gloss on its surface and used in accordance with 
the present invention. 

25 (Coating liquid compositions) 

(Medium 4] 



so 



36 



fine powder silica (Mizukasil P-78D, a product from Mizusawa Kagaku) 
polyvinyl alcohol (PVA-1 17, a product from Kuraray) 
styrene-butadiene latex (a product from Sumitomo Naugatuc^ 
polyallylamine (PAA-10C. a product from Nittho Boseki) 
water 



60 parts 
10 parts 
10 parts 
20 parts 



40 



(Mediums) 

45 Fine powder silica in the composition for Medium 4 was replaced with sifica (Sylysia 440, a product from Fuji Sylysia) 
(Medium 6) 



A recording medium used in accordance with the present invention was prepared by forming an undercoating layer 
so in the same manner as MecEum 1 , then applying a coating material for forming a top coating layer, drying the coating at 
60 for 20 mirutes by a conventional method, and processing the material with a super calender heated to 80 *C. 

(Preparation of comparative mediunrs) 

55 (Medium?) 

Medium 7 was prepared in the same manner as Medium 1 except that potyallylamina was omigesUcom the coating 
liquid (1). .^-^,Ti^,,,...— ^ 
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(Medium 8) 

Only the undercoating layer of Medium 1 was fomied. 
5 (Medium 9) 

Medium 9 was fomied by using whHe polyethylene terephthalate fflm (Melinex. a product of ICI). by applying the 
coating fiquid having the compOTition«hc»wn below to the base so that the dry coating weight was 10 g/nV2, and drying 
the coating at 100 ''C fdr^ minutes, 

10 

(Coating liquid Conrposrtion) 



20 



25 



polyvinyl alcohol {PVA-21 7, a product from Kiiraray) 



100 parts 
900 parts 



Muhi-color recording was performed on the above-described recording mediums under the conditions shown below 
by using Inks of the present invention and conparative Inks having the compositions shown below and by bttobling the 
inks with thermal energy. The combinattons of the recording mediums and the inks used for recording are shown in Table 



(Ink compositions) 



30 



36 



40 



dyes: 

Y: 
M: 
C: 
Bk: 
Ink A: 
Ink B 
Ink C: 
Ink D; 
Ink E: 

Ink F: 



55 Ink Q: 
Ink H: 



50 



dyes 


4 parts 


glycerol 


6parts 


thiodiglycol 


6parts 


urea 


Sparts 


acetylfiD€L4>lyoolg^ 1 04, a product from NIsshIn Kagaku) 


xparts 


water 


76 - X parts 



a I. Direct Yellow #86 

C. I. AcM Red #23 

C. I. Direct Blue #199 

a I. Food Black #2 

X = 0.3. surface tension! 46 dyne/cm 

X - 1 » surface ter^ion: 29 dyne/cm 

X a 3. surface tension: 26 dyne/cm 

X o 10, surface ter)sion: 21 dyne/cm 

X - 1. surface tension: 31 dyne/cm, Acetylene alcohol (Surfynol 61. a product from Nisshin Kagaku) was 
used in place of acetylene glycol. 

X « 1.5, surface tension: 33 dyne/cm Polyoxyethylene nonyl phenyl ether (Ivkxgen EA-^. a product from 
Dalichi Kagaku) was used in place of acetylene glycol, 
acetylene glycol x • 0.4, surface tension: 42 dyne/cm 
acetylene glycol x » 0.6, surface tension: 38 dyne/cm 
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(Recording conditions) 
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Ejection frequency: 


5 kHz 


Volume of ejected droplets: 


50 pi 


Recording density: 


360 dpi 


Single color maximum recording density: 


10 nl/mm? 



The color print samples otitained were evaluated with respect to the following arteria. 
(Evaluatbn criteria) 

(1) Image density 

The image density of black (Bk) of the prints solid-printed by using the above-described printing apparatus was 
evaluated with a Macbeth densitometer RD-918, as were the other samples. 

(2) Image unevenness was evaluated with respect to the following two properties, 
(i) Solid uniformity 

The prints printed by the above-described recording apparatus and having no density uievenness recognizable in 
their solid printed portions of blacK yellow, magenta, cyan, green and blue are incficated by A while the prints having 
certain density unevenness in such soiki printed portkins recognizable e/en with the eye at a distance of 25 cm from 
the print surface are indicated by C. The prints having no density unevenness recognizable in printed portions respectively 
single-color-printed in blacK yelksw, magenta and cyan but each having certain density unevenn$St&Tecggnizable in a 
portion-printed in a color produced by mixing two single color inks. i.e.. a red, green or biiie portion.'Bfe Tndicated by B. 

(10 Boundary Blur 

The prints having boundary lines cleariy recognizable with the eye at a distance of 25 cm from the print surface in 
their solid printed portions where red. green and blue, which are each a color produced by mbdng two single color inks, 
abut on each other are indicated by A. The prints in which the cotors were mixed so that no boundary couU be recognized 
as a single line are indicated by C, and the prirrts having intermediate resuHs are indicated by B. 

(3) Surface Gloss . , -j- -^j^^. 

The ys*" and 20° specular glosses in accordance with JlS-Z-8741 were measured with a digital declination gk>ss- 
meter UGV-5D (manufactured by Suga SNkenki). 

(4) W^terfastness 

One droplet of water was put on characters prirtted with the above-described recording apparatus and was allowed 
to dry. The result was evaluated by visual observation. The prints having no rurviing of the image are indicated by B. 
The prints having no running of the image and no character thickening are iridicated by A. The prints at other inferior 
levels are indicated by C. , ; : 

(5) Total Evaluation 

The prints having excellent or good evaluation results with respect to all the aKeria were totally evaluated as A. the 
print equivalent to those evaluated as A but rather \rtterksr in glossiness was totally evaluated as B, and the prints having 
one or more unsatisfactory results in their evaluation results were totally evaluated as C. 
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Table 1 shows the results of th evaluations described above. 



Table 1 Results of Evaluati n 
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Solid 
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Blur 
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1 


1 


A 


i.4i 


C 


A 


75% 


28% 


B 


C 


1 




1 


B 


1.48 


A 


A 


A 


A 


2 




1 


C 


1.46 


A 


B 


A 


A 


- 


2 


1 


D 


1.40 
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A 


C 


B 


C 


3 
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1.45 


A 


A 


B 


A 


4" 




1 


F 


1.42 


A 


A 


B 


A 




3 


2 


A 


1.36 


C 


A 


75% 


27% 


B 


C 
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2 


B 


1.44 


A 


A 


A 


A 


6 




2 


C 


1.44 


A 


B 


A 


A 
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D 


1.37 


A 


C 


B 


C 




5 


3 


A 
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C 


A 
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B 


C 
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B 
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A 


A 


A 
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A 


A 
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A 


A 


A 


A 




8 


4 


D 
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A 


C 


B 
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As descrtoed above, the present invention makes it possil^ie to fomi a high-precision, high-quality image having 
high optical density, to form a recorded image having improved waterfastness. and further to form a recorded image 
having surface gloss as high as that of silver salt photographs. 

While the present invention has been described with respect to what is presently considered to be the preferred 
embodiments, ft is to be understood that the invention is not limited to the disclosed embodiments. On the contrary, the 
invention is intended to cover various modifications and equivalent arrangements included within the spirit and scope 
of the appended claims. The scope of the following claims is to be accorded the broade^^irterpr^tatiqn so as to encom- 
pass all such modifications and equivalent structures and functions. , ^Tj----^ 

An image-forming method using color ink having a surface tension of 25 to 40 dyne/cm. The color ink is applied to 
a glossy recording medium having a porous structure including a pigment a binder and a cationic nmterial. 

Claims 

1. An image-forming method in which a droplet of each of color inks of cyan, magenta and yellow is attached to a 
recording medium by being ejected through an orifice of a recording head in accordance with a recording signal to 
form an image, said method comprising: 

y.. y ..... ... : 
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I) • 

using a recortfing medium having a base and a coating layer provided on the base, the coating layer being 
porous, comprising a pigment, a binder and a cationic material, and having surface gloss; and 

preparing thejdprlnte sd that each color ink has a surface tension within a range of 25 to 40 dyne/cm. 

2. An image-forming method according to Claim 1, wherein a surface of the recording medium has a 75 • specular 
gloss of 45 % or higher. 

3. An image-forming method according to Claim 1 . wherein the pigment comprises a material selected from the group 
consisting of silica and basic magnesium cart>onat& 

4. An image-forming method according to any one of Clainns 1 to 3, wherein the base comprises paper. 

5. An image-fbrmingTfiSS^'ftroo^ Claim 1 , wherein the cationic material comprises a cationic resin. 

6. An image-fornrting method according to Claim 5, wherein the cationic material comprises a nmterial selected from 
the grx>up consisting of polyallylamine, polyvinylamine. chitosan and salts of polyallylamine. polyvinylamine and 
chitosan. 

7. An image-fbnming method according to Claim 1, wherein the coating layer of the recording medium includes an 
upper layer axvi a lower layer, the upper layer having gloss, and the lower layer containing a pigment, a binder and 
a cationic material. 

8. An image-fbrmirig metRGd ficcording to Claim 7, wherein the upper layer in the coating layer is made of at least one 
material selected from the group consisting of acrylic polymer latexes, conjugated diene copolymer latexes and 
ethylene^nyl acetate polymer latexes. 

9. An image-forming metfx)d according to Claim 1, wherein a ratio of the pigment to the binder is wittiin a range of 
10/1 to 1/2 by weight 

1 0. An image-forming method according to Qaim 9. wherein a ratio of the pigment to the binder is within a range of 5/1 
to 1/1 by weigtit. 

1 1 . An image-forming metfiod according to Claim 1 . wherein the cationic material is present in the coating layer within 
a range of 0. 1 to 30 percent by weight of the coating layer. 

12. An image-forming method according to Claim 1 . wherein each color ink has a surface tension witiiin a range of 30 
to 40 dyne/cm. 

1 3. An image-forming method according to Claim 1 . wherein black ink having a surface tension witiiin a range of 25 to 
55 dyne/cm is further used. 

14. An image-forming method iaccording to Claim 1. wherein each ink has a Ik^uid medium component which is com- 
posed of at least one of water-misciWe glycols and glycol ethers. 

15. An image-fbnning method according to Claim 1. wherein each ink comprises a material selected from the group 
consisting of direct dyes cmd acid dyes. 

1 6. An image-forming method according to Claim 1 . wherein at least two orifices are provWed with respect to each ink 
having one color, and at least two droplets of each ink of one color are ^ected substantially simultaneously through 
the orifices to form an image. 

1 7. An image-forming method according to Claim 1 , wherein ink droplets of each color are ejected at a drive frequency 
not bwer than 3 kHz. 

18. An image-forming method according to Claim 1 or 13, wherein ink droplets of each color are ejected at a drive 
frequency in a range of 5 to 20 kHz. 

19. An image-forming method according to Qaim 1 or 13, wherein the ink of each color has a maximum recording 
density not lower than 6 nl/imm2. 
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a to Claim 1 or 13, wherein the ink of each coloffl^ a i 



20. An image-forming method accoroing to Claim 1 or 13, wherein the Ink of each colonma a maximum recoitTing 
density within a range of 7 to 20 nl/mmt^. 

21. An image forming m thod according to Claim 1 or 13. wherein ink is ejected duo to thermal energy. 
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